The performances of five commercial TaqMan real-time PCR assays for the detection of Mycoplasma pneumoniae in respiratory tract specimens were evaluated in comparison with an in-house real-time PCR. All kits allowed prompt and specific results, validated by the use of an internal control. The Nanogen kit showed the best clinical sensitivity.
Bordeaux (France), including 18 throat swab specimens, 8 nasopharyngeal aspirate specimens, 11 sputum specimens, 6 tracheal aspirate specimens, 4 bronchial aspirate specimens, 22 bronchoalveolar lavage specimens, and 1 pleural fluid specimen. Among them, specimens from 50 patients with a diagnosis of M. pneumoniae infection were systematically collected during this period, including 44 specimens M. pneumoniae positive by a former in-house PCR and/or by culture (17) . The six other specimens were negative by PCR and culture but were obtained from patients with a high anti-M. pneumoniae immunoglobulin M titer in a serum sample collected at the same time. The last 20 specimens, negative for M. pneumoniae by culture and PCR but positive for other pathogens involved in respiratory tract infections (Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, and Serratia marcescens), were obtained from patients without M. pneumoniae-specific antibodies. The Qiagen QIAamp DNA minikit (Qiagen SA, Courtaboeuf, France) was used for nucleic acid extraction from 200 l of respiratory specimen according to the body fluid extraction protocol in the manufacturer's instructions. The elution volume was reduced to 100 l, and 7-l aliquots were stored at Ϫ80°C. To determine the detection limit of each real-time PCR assay, DNA was extracted from a pure culture of the reference strain M. pneumoniae M129 (ATCC 29342), using the Qiagen QIAamp DNA minikit, and its concentration was measured photometrically. For each kit, a 10-fold serial dilution was prepared from one DNA aliquot and amplifications were performed in duplicate with each dilution. Since a limited number of commercial tests were available for this study due to cost considerations, the analytical specificity was assessed on the 20 specimens that were M. pneumoniae negative but positive for other respiratory tract pathogens (see above).
Each nucleic acid extract from the 70 respiratory specimens was tested with our in-house real-time PCR assay. This method, targeting a 125-bp fragment of the M. pneumoniae P1 cytadhesin gene, was performed using the primers P1-204 (5Ј-GTGAACGT ATCGTAACACGAGCTTT-3Ј), P1-328 (5Ј-TGGTTTGTTGA CTGCCACTGC-3Ј), the TaqMan probe P1-284R (5Ј-6-carboxyfl uorescein-TTGTCGCGCACTAAGGCCCACG-BHQ1-3Ј), and a commercial internal control (IC), the Universal Inhibition Control real-time PCR (Diagenode, Liège, Belgium). The PCR mixture consisted of 12.5 l of 2ϫ LightCycler 480 probe master mix (Roche Diagnostics, Meylan, France), 0.3 M of each primer, 0.2 M of probe, 1.25 l of IC DNA, 2.5 l of IC primers/probe, and 5 l of template DNA. Amplifications were performed using a LightCycler 480 thermocycler under the following conditions: 2 min at 50°C and 10 min at 95°C, followed by 45 cycles of 15 s at 95°C and 1 min at 60°C.
Five commercially available PCR kits, based on the TaqMan PCR technology, all targeting the P1 cytadhesin gene and including an internal control, were evaluated: the Nanogen Mycoplasma pn Q-PCR Alert kit (Nanogen Advanced Diagnostics; purchased from Eurobio, Les Ulis, France); the Simplexa Mycoplasma pneumoniae kit (Focus Diagnostics, California, purchased from Eurobio, Les Ulis, France); the Diagenode detection kit for Mycoplasma pneumoniae/Chlamydophila pneumoniae (Diagenode SA, Liège, Belgium); the Cepheid Mycoplasma pneumoniae ASR kit (Cepheid; purchased from Instrumentation Laboratory, Paris, France), and the Venor Mp-Qp PCR detection kit (Minerva Biolabs GmbH; purchased from Biovalley, Marne La Vallée, France) used with the hot-start MB Taq DNA polymerase (Minerva Biolabs GmbH), not included in the kit.
Amplifications were performed with a LightCycler 480 instrument except for the Cepheid kit, which was evaluated using a SmartCycler II thermocycler (Cepheid) because of a fluorophore incompatibility. PCR mixtures of 20 l were prepared according to each manufacturer's instructions, and 5-l sample DNAs were added. Data were analyzed with the Roche LightCycler 480 software, version 1.2.9.11, using the absolute quantification-fit point method of analysis or with the SmartCycler system software. A respiratory tract sample was definitely considered positive for M. pneumoniae if at least two out of the five commercial or in-house assays produced a positive result. Unexpected negative results were confirmed by reamplification of the specimen DNA extract with the concerned assay. Cycle threshold (C T ) values of specimens were also collected for each assay. Mean and standard deviation were calculated by attributing an arbitrary C T value of 45 if a specimen was found negative with a kit. The value of 45 was chosen since it corresponds to the maximum number of amplification cycles used by all assays. Comparisons were made using McNemar's test and a paired t test for qualitative and quantitative variables, respectively. Statistical analysis used the SAS software program, version 9.1 (SAS Institute Inc., Cary, NC). A P value of Ͻ0.05 was considered statistically significant.
The in-house assay and Nanogen and Cepheid kits showed the highest analytical sensitivity on M. pneumoniae DNA extracts, with a detection limit of 4.3 ϫ 10 Ϫ7 ng DNA/l, whereas this limit was 2.4 ϫ 10 Ϫ6 ng DNA/l for the Venor assay and 4.3 ϫ 10 Ϫ6 ng DNA/l for both the Diagenode and Simplexa kits. These results were consistent with the sensitivity previously reported for the Venor kit (6), with a detection limit below 5.3 ϫ 10 Ϫ6 ng DNA/l. The analytical specificity was 100% for all the assays since no amplification was obtained from negative specimens.
Of the 70 evaluated specimens, 42 specimens were included in the analysis as definitely positive ones. No specimen was found positive by a single assay only, and no specimen showed amplification inhibition. The best clinical sensitivities with patient specimens were found with the in-house and Nanogen assays, with 42 (100%) and 41 (98%) specimens identified as positive, respectively ( Table 1 ). The Simplexa kit identified 88% of the confirmed-positive specimens, whereas 86%, 83%, and 62% were identified by the Diagenode, Cepheid, and Venor kits, respectively. There was no statistically significant difference between the sensitivity of the in-house method and that of the Nanogen kit (P ϭ 0.32), but the remaining four kits detected statistically significantly fewer positive specimens (P Ͻ 0.05) than the in-house assay.
When C T values were considered, the Nanogen kit exhibited the lowest C T mean (Table 1) , without a significant difference from the C T mean of the in-house assay (P ϭ 0.61). In contrast, the remaining four kits had statistically significantly higher C T values (P Ͻ 0.001) than the in-house assay, with a difference in the C T mean ranging from 2.4 cycles for the Simplexa kit to 4.2 cycles for the Venor kit. Interestingly, as previously described for another atypical bacterium (1), the analytical sensitivity of a kit did not predict its ability to detect the bacterial target in clinical specimens. Indeed, the lower analytical sensitivities of both the Diagenode and Simplexa assays were compensated by their overall efficiency in M. pneumoniae detection with clinical specimens. They had better sensitivity with clinical specimens (86% and 88%, respectively) than the Cepheid kit (83%), which had a 10-fold-better analytical sensitivity.
Although assay sensitivity and specificity are important considerations when evaluating the reliability of a kit, additional criteria, such as applicability, ease of use, handling time, and cost, should not be disregarded. Results with the LightCycler 480 instrument were available within a mean of 1 h, 28 min, ranging from 1 h, 3 min for the Venor kit to 1 h, 49 min for the in-house assay ( Table 2 ). For the Cepheid kit, data were obtained in only 50 min. In addition, this kit showed the simplest and shortest workflow sequence, since two lyophilized beads, stored at 4°C, had only to be dissolved in water to prepare the mix. In contrast, the remaining tests needed four to seven handling steps. With the 16 independently programmable units of the Smart Cycler apparatus, the Cepheid kit allowed a very short time to result and proved to be more suitable for a single emergency than for routine series detection. Finally, the cost of each real-time assay was evaluated based on European available price lists of reagents. The Cepheid kit emerged as twofold more expensive than the other kits. The in-house method was the cheapest one, with an estimated cost close to 2 euros per reaction. Concerning the Diagenode kit, it should be noted that the 10-to 12-euro price also included detection of C. pneumoniae, which was not evaluated in this study.
In conclusion, all kits allowed prompt and specific results, validated by the use of an internal amplification control. In comparison with the in-house assay, the Nanogen kit was shown to be the best commercially available kit evaluated in this study in terms of analytical sensitivity and performance with clinical specimens.
